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Abstract Pre-sowing seed treated with Polyethylene
Glycol (PEG) believed to be a potential priming agent to
increase the germination, seedling growth and water
relation behavior of crop plants under salt stress condition.
With this view, a lab investigation was carried out to find
out the effect of PEG on the germination, seedling growth
and water relation behavior of wheat under different salt
levels. Seeds of ESWYT 5, ESWYT 6 wheat genotypes
and BARI Gom 28 were pre-soaked in 10%PEG solutions
for 9 h and allowed to grow under 5 levels of salt
concentrations viz.,0, 5, 10, 15 and 20 dSm™ Findings of
the research work showed that seed priming with 10% PEG
solution for 9 h had significant effect on germination,
seedling growth and water relation behavior of wheat
genotypes under salt stress condition. Among three wheat
genotypes, ESWYT 5 performed the best regarding
germination, seedling growth and water relation behavior
where wheat genotypes ESWYT-6 performed moderately
and BARI Gom 28 showed poor performance. With
increasing the salinity level the decreasing of germination,
seedling growth and water relation behavior was normal
phenomena but in this experiment, priming helped to
reduce the magnitude of reduction. These results suggest
that seed priming had significant effect to trigger the
germination, seedling growth and water relation behavior
of wheat genotypes under salt stress condition.
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1. Introduction

Wheat (TriticumaestivumL.), one of the most significant
staples food crop, it accounts for about 20% of the human

food supply and is cultivated on approximately 215 million
ha globally [1]. Plant has its own defense mechanism under
stress condition which is a natural phenomenon, and that is
why the yield of crops decreases but helps to enhance the
seed quality [2]. Despite the some positive impact of stress
but it is not suitable for on seed germination, especially
under salt stress. And for this reason, seed priming is
considered as an effective means to enhance stress
tolerance capability of plant under adverse conditions
(especially salinity). Seed priming is a new innovative
technique by which some physiological changes are gained
into target grain with the use of natural and synthetic
compounds prior to germination. The physiological
condition of plants in which plants can faster or better
activate defense responses or both is called the primed
condition of the plant [3]. It optimizes seed performance by
rapid and uniform germination, healthy and vigorous
seedlings growth reaching a physiological condition
resulted in faster and better germination and the emergence
of different crops [4,5,6,7]. Carbineau and Come [8] and
Ashraf and Foolad [9] reported that, under stress condition
primed seedling able to grow normally without any
disturbance.

By 2050 the world population will be about 9.10 billion,
which will be 34% higher from today and we need to feed
another 2.30 billion people with limited resources. Food
production must need to be increased about 70% and to
meet this huge demand cereal production will need to
increase about 3 billion metric tons from 2.10 billion metric
tons today. But in a dilemma, the world agriculture in 21*
century faces versatile challenges such as water,
temperature, light, and salts that regulate seed germination
interact in the soil interface [10]. These factors may act as
stress, leading to injury and even death of the plant in
extreme cases [11]. Among the abiotic stress, soil salinity
is one of the major abiotic stresses which directly affect
plant physiology which causes drastic reduction of crop
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production in saline belt [12, 13]. World’s 25% cultivable
lands are salinity affected among 400 million ha of total
land and the salt intrusion scenario is alarmingly increasing.
Bangladesh is also not beyond this threat. In Bangladesh
the salinity affected area was 83.3 million ha in 1973, 102
million ha in 2000 and in 2009 it has reached up to 105.5
million ha and the area is being expanded with times being
[14]. The soil salinity may responsible for many
detrimental effects on plant growth and development at
physiological and biochemical level [15]. In saline soils,
seeds with lower osmotic potential fail to absorb water;
increase the accumulation of toxic ions (Na+ and Cl-) and
finally there is a delay, decrease and disruption of seed
germination [9]. Metabolism, physiological act and
morphological feature of plant changed by soil salinity and
drastically reduce the growth and yield [16]. Seed embryo
badly affected by higher salt concentration which result
there is a delay and reduction of germination percentage of
seed. Percentage of germination, length of coleoptiles,
length of root and seedling growth reduced by detrimental
effect of salinity [17,18,19,20]. Cha-um et al. [21]
mentioned that plant that was exposed to salinity stress,
water potential was reduced then water use efficiency was
also reduced.

Priming allows some of the metabolic processes
essential for germination to occur without germination take
place. During priming, seeds are drenched in various
priming solutions. Thus the seeds were prevented from
absorbing enough water for radical protrusion and
retarding the seeds in the lag phase [7]. Seed priming has
been commonly used to minimize the time between seed
sowing and seedling emergence and to ensure synchronize
emergence [22]. These effects of priming are collaborated
with repairing and building up of nucleic acids, increased
synthesis of proteins as well as the repairing of membranes
[23]. Priming also enhances the activities of anti-oxidative
enzymes in treated seeds [24, 25]. Seed priming can be
carried out using different techniques viz. hydro-priming
(soaking in distilled water), osmopriming (soaking in
osmotic solutions such as PEG, potassium salts, e.g., KCl,
K>S04) and plant growth inducers (CCC, Ethephon, IAA)
[26, 27, 28, 29]. Under osmopriming (also addressed as
osmoconditioning) the seeds are drenched into synthetic
compound like: polyethylene glycol (PEG), sorbitol,
mannitol solution and let to uptake water to primary
metabolic activities of germination process is started, and
radical emergence occurred [9]. Osmopriming in the PEG
solution allows initiating the membrane repairing systems
and metabolic preparation for germination via controlling
the water absorption rate of seeds under salt stress
condition [30]. Priming increases the activities of
glyoxysome enzymes in primed bitter gourd seeds [31].
Faijunnaharet al. [32] and Baqueet al. [33] reported that 10%
PEG was best for enhanced germination behavior of wheat.
In many crops, germination and early seedling growth are
the most sensitive stages of water deficit caused by salinity

stress and the water deficit may delay the onset and
decrease the rate and uniformity of germination, leading to
reduced crop performance and yield [34]. The beneficial
effects of priming may be more evident under unfavorable
rather than favorable conditions [22]. These phenomena
have empirical agronomic inference especially under
adverse germination state in salinity intrusion area [23].
Therefore, the study was carried out to determine the
efficacy of PEG as osmopriming agent under salt stress
condition and find out the suitable salt stress wheat
cultivar(s) for seed industry for successful crop production
in different regions especially salt intrusion belt in
Bangladesh.

2. Materials and Methods

The experiment was carried out in the Central laboratory
of the department of Agronomy, Sher-e-Bangla
Agricultural University,Dhaka in November, 2016.
Temperature range of the laboratory during the experiment
was 26.2°C-33.4 °C and the relative humidity was 56-84%.

2.1. Plant and Priming Materials

Three wheat genotypes namely- BARI gom 28,
ESWYT-5 and ESWYT -6 were used for this experiment
and were collected from seed technology division of
Bangladesh Agricultural Research Institute were used as
planting material. PEG solution was used as osmo priming
agent in this study and NaCl was used for imposing salt
stress condition. Different equipment such as growth
chamber, electric balance, Petri dish, filter paper, micro
pipette etc. was used for this study.

2.2. Preparation of Priming Solutions

10 % PEG solution and 9 hours priming time were used
to test salt stress. 10 g of PEG was dissolved in 100 ml of
water to prepare 10% solution of PEG. 0.731 g of sodium
chloride (Nacl) was dissolved in 250 ml of distilled water
to prepare 5 dsm! solution of salt (Nacl). Similarly, 1.436 g,
2.18 g, 2.925 g sodium chloride (Nacl) was dissolved in
250 ml ofdistilled water to prepare 10dsm™, 15dsm™ , 20
dsm! solution of NaCl, respectively. Distilled water was
collected from the laboratory of Sher-e-Bangla
Agricultural University (SAU).

2.3. Seed Placement for Germination

All seeds were surface sterilized with 2% Safex solution
for 5 minutes, then rinsed with sterilized water and air dried
at room temperature. After that seeds were used for
priming.

The priming media was prepared in distilled water and
10 % PEG solution and duration of soaking for priming
was 9 hr. After soaking seeds were air dried and placed in
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Petridish. For each replicate 30 seeds were placed in 12.5
cm Petridish on a layer of filter paper no. 102 moistened
with 8 ml of distilled water.

2.4. Experimental Design

The experiment was conducted in Completely
Randomized Design (CRD) with five replications. The
three wheat genotypes viz., Vi = ESWYT-5, Vo, = ESWYT
-6 and V3 = BARI gom 28 screened out from another
experiment [35] were examined under five salt
concentrations viz. primed seed with 10% PEG solution for
9 hunder 0, 5, 10, 15 and 20 dSm™', respectively.

2.5. Recording of data

After that data collected on various parameters and mean
data of germination percentage, shoot length, root length,
shoot dry weight, root dry weight, relative water content,
water saturation deficit, water retention capacity,
germination coefficient and vigour index were recorded.

Germination was recorded at 24 hr interval and
continued up to 11"". More than 2 mm long plumule and
radicle seed was considered as germinated seed.

The germination rate was calculated using following
formula:

Germination percentage (%)
_TotalNu‘mberofge‘rminatedseeds><

Totalseedplacedforgermination 100
Germination Co- efficient (GC) was calculated using the
following formula [36]:

A1+A2+-+Ax
A1T1+A2T2+---AxTx

Germination Co- efficient (%) = x 100

Where,

A= Number of seeds germinated

T= Time corresponding to A

x= Number of days to final count

Vigour index was calculated using following formula
[371]:

. . TotalgerminationxSeedlinglength (imm
Vigour index = g glength (mm)

100
At 11™ day after seed placement, five seedlings of each

Petridish were sampled. Shoot and root length of single
seedling was recorded with meter scale. Then the shoot and
root of the seedling were dried for 48 hr then dry weight of
shoot and root were recorded using electric balance.

After recording the fresh weight leaf of each seedling
place into Petridish for 24 hr then leaf soaking with
distilled water turgid weight was recorded then it was dried
for 48 hr the dry weight was measured.

Relative water content was measured using following
formula [38]:

Relative water content (WRC) (%)
_ Freshweight—Dryweight % 100
Tugidweight—Dryweight
Water saturation deficit was recorded using following
formula [38]:
Water saturation deficit (WSD) = 100- Relative water

content

Water retention capacity was measured following
formula [38]:

. . idweigh
Water retention capacity (WTC) furglaweight

Dryweight

2.6. Statistical Analysis

The collected data were analyzed statistically following
CRD design by MSTAT-C computer package program and
the treatments were compared by Least Significance
Differences (LSD) test at 1% level of probability.

3. Result and Discussion

3.1. Germination Percentages
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Figure 1. Effect of different salt concentration on the germination

percentage of primed wheat cultivars (LSD (01y= 6.96, 5.47, 7.19, 5.06
and 5.09 at 0, 5, 10, 15 and 20 dSm™, respectively)V, = ESWYT-5, V, =
ESWYT -6 and V; = BARI gom 28

Germination percentage of primed (osmopriming) wheat
genotypes significantly affected by different level of
salinity stress conditions (Figure 1). The germination
percentage of primed wheat genotypes was decreased in
different extent with increasing the salinity stress. Under
different salinity levels wheat genotype ESWYT-5 (Vi)
showed maximum tolerance capability and the magnitude
of reduction was slow compare to that of other two
genotypes where as BARI Gom 28 (V3) showed maximum
susceptibility and the magnitude of reduction was rapid
compare to that of other two genotypes. Wheat genotype
ESWYT-6 (V2) moderately performed under different
saline levels. The result of the experiment revealed that, the
maximum germination percentage (93.81%) was recorded
from wheat genotype ESWYT-5 (V;) at 0 dSm! salt
concentrations followed by ESWYT-6 (V) (87.62%) and
the minimum germination percentage (61.49%) was
recorded from BARI Gom 28 (V3) at 20 dSm™! salt
concentrations. From the result of the experiment, it was
clear that, the germination percentage of primed wheat
seed was decreased at an acceptable limit. Similar findings
were reported by Kaya ef al. [39] and Khajeh-Hosseiniet al.
[40]. The germination of wheat genotype could be affected
in two ways under salinity condition. First of all, in the
germination media excess salt might be reduced the



24  PEG Induced Germination, Seedling Growth and Water Relation Behavior of Wheat Genotypes under Salt Stress Condition

osmotic potential of tested seed to such extent that seeds
that were placed for germination unable to absorb enough
water necessary for transportation of mineral nutrients
which were crucial for germination and the second one was
is the embryo of the tested seed adversely affected by the
toxicity of salt solutes [41]. In the physiological point of
view, the absorption of more K*/Na* is essential for seed
germination. The rise of salinity level decreases the K*/Na*
ratio [42] which injures the embryo of the germinal seed.
Khan et al. [43] also reported that, up taking of salt in
sensitive plant competes with the up taking of compatible
nutrients ions, especially K*, which causes K™ deficiency.
In salinity stress condition, sensitive wheat genotypes
absorb more Na' than K™ [44,45] as a result germination
decreases. A wide range of biochemical changes occurred
during seed priming which was crucial for germination, i.e.,
breaking of dormancy, hydrolysis or metabolism of
inhibitors, imbibitions and enzymes activation [46].
Primed seed can rapidly consume and resuscitate the seed
metabolism under stress conditions; consequently
germination percentage was slowly decreased with an
acceptable limit with the increasing of salt concentration
[47]. Moreover, seed priming most likely grants some
fix-up of damage to membrane caused by deterioration by
salinity/ drought stress and resulted in better germination
pattern and higher vigor level [30,48] with PEG results in
strengthening the antioxidant system and increasing the
seed germination potential, finally resulting in an increased
stress tolerance in germinating seeds of spinach [49].
Despite the negative effects of stress condition, the priming
treatment was effective inimproving germination
percentage in Presto [50]. Priming showed reviving effects
in the early stages of germination by the mediation of cell
division in germinating seeds under stress condition. [51].
Similar mechanisms seem to perform in the course of our
experiment so that PEG-primed seeds resulted maintain
germination attributes to a feasible limit and trigger
seedling growth under osmotic stress created by salt
intrusion. In many plant species seeds, trypsin-like
proteolytic enzymes, which should be produced during
seed development, are important during seed development
and germination. The activity of such enzymes, however, is
often prevented by trypsin inhibitors under stress condition
(Saline or drought), which may be present in the seed and
play inhibitory roles in protein synthesis during
germination. Priming, however, may reduce the regulatory
activities of such inhibitory enzymes and boosted the
germination of osmoprimed (PEG solution) seed. Soaking
sorghum seed in osmoprimed solution decreased the
retardant activities of trypsin and chymotrypsin and
improved the germination percentage under stress or
normal condition. According to McDonald [23] the major
pre-germination steps such as DNA and RNA synthesis are
accomplished in seeds during the priming states,
consequently the seeds are physiologically close to
germination and have fewer steps to complete than

unprimed seeds. Farooqet al. [52] proposed that
physiological changes exerted by osmohardening such as
metabolic activities proceed to repair and build up of
nucleic acids, increase synthesis of proteins as well as
repair membranes, and enhance the activities of
anti-oxidative enzymes increased the starch hydrolysis and
made more sugars available for embryo growth as a result,
the germination capability and tolerance under stress
condition (especially salt stress) of seeds can be promoted.

3.2. Shoot Length
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Figure 2. Effect of different salt concentration on the shoot length of
primed wheat cultivars (LSD (901)=9.43, 5.07, 7.94, 5.32 and 7.69 at 0, 5,
10, 15 and 20 dSm’!, respectively)V; = ESWYT-5, V, = ESWYT -6 and
V;=BARI gom 28

Shoot length of primed (osmopriming) wheat genotypes
significantly differed by different level of salinity stress
conditions (Figure 2). The shoot length of primed wheat
genotypes were decreased in different magnitude with
increasing the salinity stress. ESWYT-5 showed highest
tolerance capacity and the extent of reduction was slow
compare to that of other two genotypes where as BARI
Gom 28 showed highest susceptibility and the extent of
reduction was rapid compare to that of other two genotypes.
Wheat genotype ESWYT-6 moderately performed under
different saline levels. The result of the experiment
revealed that, the highest shoot length (157.80 mm) was
secured from wheat genotype ESWYT-5 at 0 dSm’! salt
concentrations followed by ESWYT-6 (150.90 mm) and
the lowest shoot length (100.20 mm) was secured from
BARI Gom 28 at 20 dSm™' salt concentrations. The shoot
length decreased in higher extent for salinity sensitive
cultivar compare to the tolerance wheat cultivar might be
due to more accumulation of Na* which retard the cell
division and elongation process and ultimately reduce the
shoot length [35]. Similar findings were reported by
Mohammadi and Amiri[53]. Under salinity stress
condition the extent of shoot length decrease was lower of
wheat seed primed with 10% PEG solution. The possible
cause of lower reduction may be the osmopriming agent
PEG which alleviate the adverse effect of salt stress,
increased the metabolic activity, trigger the cell division
and elongation process consequently reduce the adverse
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effect of salt on shoot growth. Lee and Kim [54] also
revealed that, priming increased the metabolic activities of
seed consequently produced the substantial shoot length.
Faijunnaharet al. [32] and Baque et al. [33] reported that
the highest shoot length of wheat was secured when the
seed primed with 10% PEG solution. Experiment
conducted by Moghanibashi et al. [55] reported that, as
salinity levels increased, shoot length reduces but the
priming treatments clearly improved the parameter, so can
be used to improve seed performance of sunflower under
normal and stress conditions.

3.3. Root Length

Different salinity levels had significant influence on the
root length of osmoprimed wheat genotypes (Figure 3).
The root length of wheat genotypes variably decreased
with increasing the salt stress. In case of root length, wheat
genotype ESWYT-5 distinctly performed superior under
different salinity stress compare to that of other two wheat
genotypes on the other hand BARI Gom 28 consistently
showed poor performance and ESWYT-6 showed
moderate performance. The result of the study revealed
that, ESWYT-5 gave the maximum root length (124.60
mm) at 0 dSm'! salt concentrations and BARI Gom 28 gave
the minimum root length (62.60) 20 dSm™' salt
concentrations. Shoot and root length adversely affected by
salt stress and as a consequence there was a rapid reduction
observed for salinity sensitive genotypes compare to the
tolerance one. It has been found that, under slat stress
condition photosynthetic rate is reduced markedly, lost
huge energy in salt removal mechanism, reduced
transportation of compatible nutrient, arrested cell division
and enlargement, decreased shoot length, for consequence
there was a marked reduction of shoot and root length.
Similar findings were also reported by Moud and
Maghsoudi [56], Dattaet al. [57], Mujeebet al. [41],
Tarmatt and Munns [58] and Dageret al. [59]. Experiments
conducted by Ashraf and Abu-shakra [60] revealed that
priming of wheat seed in osmoticum might improve
germination and emergence and aggrandize vigorous root
growth as a consequence root length of osmoprimed seed
maintain its growth though the media was salt stressed. The
considerable root length in the treated seeds might be due
to increased metabolic activities where salinity stress did
not strongly hamper the root growth. This trend of the
present result was in agreement with the findings of
Mohammadi and Amiri [53]. Moghanibashiet al. [55] also
reported that as drought and/or salinity levels increased,
root length reduced but the priming treatments clearly
boosted the parameter of sunflower under normal and
stress conditions.
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Figure 3. Effect of different salt concentration on the root length of
primed wheat cultivars (LSD (o.01)=6.77, 7.02, 8.29, 6.65 and 6.65 at 0, 5,
10, 15 and 20 dSm’!, respectively) Vi = ESWYT-5, V, = ESWYT -6 and
V;=BARI gom 28

3.4. Shoot Dry Weight

The shoot dry weight of osmoprimed wheat genotypes
varied significantly by different salinity stress conditions
(Figure 4). There were different extent of reduction was
observed of shoot dry weight of wheat genotypes with the
increasing of salt stress. Wheat genotype ESWYT-5
showed better tolerance capability under different salt
stress conditions and BARI Gom 28 showed the most
susceptibility towards the saline stress conditions,
ESWYT-6 wheat genotype moderately performed in the
context of shoot dry weight. The maximum shoot dry
weight (0.037 mg) was received from wheat genotype
ESWYT-5 0 dSm™!' salt concentrations and the minimum
shoot dry weight (0.011 mg) was received from wheat
genotype BARI Gom 28 at 20 dSm’! salt concentrations.
As the salinity stress reduce the seedling length of
comparatively sensitive wheat genotypes due to retardation
of cell division and elongation, following the trend the dry
weight of shoots also decreased. But priming presumably
permitted some repairs of damaged to membrane caused by
deterioration by salinity stress and exerted better
germination pattern and higher vigor level than
comparatively sensitive genotypes [48]. The refinement in
germination and vigor of standard/low-vigor seed might be
due to preserve transportation of food material, trigger and
re-synthesis of some enzymes, DNA and RNA synthesis
start during osmotic priming under stress condition.
Removing of obstacle speed up the germination of seed
ultimately produced the vigorous shoot and increased shoot
dry weight of wheat genotypes [4]. Khalil et al. [61]
observed that dry matter yield increased with each
increment of priming under normal and stress condition.
Inhibition of seedling dry weight due to salt stress should
be overcome by using PEG 6000 as osmopriming
treatments in soybean.
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Figure 4. Effect of different salt concentration on the shoot dry weight
of primed wheat cultivars (LSD (.01y=0.01, 0.01, 0.01, 0.01 and 0.01at 0,
5,10, 15 and 20 dSm™', respectively)V, = ESWYT-5, V,= ESWYT -6 and
V;=BARI gom 28

3.4. Root Dry Weight
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Figure 5. Effect of different salt concentration on the root dry weight of
primed wheat cultivars (LSD (o01=0.01, 0.01, 0.01, 0.01 and 0.01at 0, 5,
10, 15 and 20 dSm!, respectively)V, = ESWYT-5, V, = ESWYT -6 and
V; =BARI gom 28

The Root dry weight of osmoprimed wheat genotypes
varied significantly by different salinity stress conditions
(Figure 5). There were different extent of reduction was
observed of root dry weight of wheat genotypes with the
increasing of salt stress. In case of root dry weight, wheat
genotype ESWYT-5 showed better tolerance capability
under different salt stress conditions and BARI Gom 28
showed the most susceptibility towards the saline stress
conditions, ESWYT-6 wheat genotype moderately
performed. The maximum root dry weight (0.041 mg) was
received from wheat genotype ESWYT-5 0 dSm! salt
concentrations and the minimum root dry weight (0.012
mg) was received from wheat genotype BARI Gom 28 at
20 dSm! salt concentrations. Dry weight is the
consequence of plant physiological and biological activity.
Under salt stress condition marked reduction was observed
of this parameter in comparatively sensitive genotypes
[62,63,64]. Priming presumably permitted some repairs of
damaged to membrane caused by deterioration by salinity
stress and exerted better germination pattern and higher
vigor level than comparatively sensitive genotypes [48].
Removing of obstacle speed up the germination of seed
ultimately produced the vigorous shoot and increased shoot
dry weight of wheat genotypes [4]. Khalil et al. [61]

observed that dry matter yield increased with each
increment of priming under normal and stress condition.
Inhibition of seedling dry weight due to salt stress should
be overcome by using PEGeooo as osmopriming treatments
in soybean.

3.6. Relative Water Content

Relative water content of osmoprimed wheat genotypes
significantly affected by different level of salinity stress
conditions (Figure 6). The relative water content of primed
wheat genotypes was decreased in different extent with
increasing the salinity stress. Under different salinity levels
wheat genotype ESWYT-5 showed maximum tolerance
capability and the magnitude of reduction was slow
compare to that of other two genotypes where as BARI
Gom 28 showed maximum susceptibility and the
magnitude of reduction was rapid compare to that of other
two genotypes. Wheat genotype ESWYT-6 moderately
performed under different saline levels. The result of the
experiment revealed that, the maximum relative water
content(89.13%) was recorded from wheat genotype
ESWYT-5 at 0 dSm™ salt concentrations followed by
ESWYT-6 (V») (82.76%) and the minimum relative water
content(44.88%) was recorded from BARI Gom 28 at 20
dSm! salt concentrations. Under salt stress condition
tolerance plant can grow vigorously, minimize the salt
uptake and maximize potential salt load per unit area by
their compartmentalization technique and provide better
water use efficiency thus plant growth not hampered [65].
Moreover, the osmopriming agent (PEG) triggered this
technique for optimum water use efficiency and higher the
relative water content was recorded for salt tolerance wheat
genotype. On the other hand, in the same condition
sensitive plant could not uptake enough water which
seemed to drought condition and this drought condition
exhibited large reductions in relative water content and
water potential in leaf Nayyar and Gupta [66], Decovet al.
[67] and Li and Van Staden [68]. RWC was significantly
reduced under saline stress condition, but in case of primed
seed with 10% PEG solution the RWC was comparatively
higher.
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Figure 6. Effect of different salt concentration on the relative water
content of primed wheat cultivars (LSD (o01y= 4.06, 4.23, 2.56, 3.45 and
3.69 at 0, 5, 10, 15 and 20 dSm’', respectively) V, = ESWYT-5, V, =
ESWYT -6 and V; = BARI gom 28
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3.7. Water Saturation Deficit

Water saturation deficit of osmoprimed wheat genotypes
significantly affected by different level of salinity stress
conditions (Figure 7). There is an inverse relationship
between relative water content and water saturation deficit.
The genotype showed more salt susceptibility scored more
water saturation deficit. The water saturation deficit of
primed wheat genotypes was gradually increased with
increasing the salinity stress. The result of the experiment
revealed that, under different salinity levels wheat
genotype ESWYT-5 showed maximum tolerance
capability and the magnitude of water saturation deficit
was lowest (10.87) at 0 dSm’' saline concentration
compare to that of other two genotypes where as BARI
Gom 28 showed maximum susceptibility and the water
saturation deficit was maximum (55.12) at 20 dSm™' salt
concentration. Wheat genotype ESWYT-6 moderately
performed under different saline levels. Water saturation
deficit is the opposite character of relative water content.
So, presumably the water saturation deficit was higher for
salinity sensitive genotype and vice versa. Due to lack of
compartmentalization technique, the salinity sensitive
cultivars fail to uptake enough water necessary for running
the physiological process smoothly under salt stress
condition, thus there will be a huge water deficit occur in
sensitive cultivars than the tolerance cultivars. Similar
result was reported by Baqueet al. [38] but osmopriming
might help to recover this physiological damage and
minimize the water saturation deficit.
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Figure 7. .Effect of different salt concentration on the water saturation
deficit of primed wheat cultivars (LSD (g01y= 1.46, 1.72, 2.23, 3.03 and
2.46at 0, 5, 10, 15 and 20 dSm, respectively)V, = ESWYT-5, V, =
ESWYT -6 and V; = BARI gom 28

3.8. Water Retention Capacity

Water retention capacity of osmoprimed wheat
genotypes significantly affected by different level of
salinity stress conditions (Figure 8). The water retention
capacity of primed wheat genotypes was decreased
gradually with increasing the salinity stress. Under
different salinity levels wheat genotype ESWYT-5 showed
maximum tolerance capability and the magnitude of
reduction was slow compare to that of other two genotypes

whereas BARI Gom 28 showed maximum susceptibility
and the magnitude of reduction was rapid compare to that
of other two genotypes. Wheat genotype ESWYT-6
moderately performed under different saline levels. The
result of the experiment revealed that, the maximum water
retention capacity (22.32) was recorded from wheat
genotype ESWYT-5 at 0 dSm’' salt concentrations
followed by ESWYT-6 (V2) (20.73) and the minimum
water retention capacity (7.51) was recorded from BARI
Gom 28 at 20 dSm’' salt concentrations. The tolerance
osmoprimed cultivars have the capacity to uptake water
under salt stress condition than the osmoprimed sensitive
ones and gained the maximum turgid weight, in
consequence they gained the maximum water retention
capacity. The result also coincides with the result of
Sangakkaraet al. [69]. Osmopriming helps to activate the
metabolic enzymes responsible for germination of seed
before germination takes place, so the seedling from
osmoprimed seed got advantages to retain enough water
under salt stress condition.
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Figure 8.. Effect of different salt concentration on the water retention

capacity of primed wheat cultivars (LSD (oy=1.61, 1.19, 1.28, 1.31 and
1.12 at 0, 5, 10, 15 and 20 dSm’', respectively) Vi = ESWYT-5, V, =
ESWYT -6 and V; = BARI gom 28

3.9. Germination Coefficient

Germination coefficient of osmoprimed wheat
genotypes significantly varied by different level of salinity
stress conditions (Figure 9). The germination coefficient of
primed wheat genotypes was decreased in different extent
with increasing the salinity stress. Under different salinity
levels wheat genotype ESWYT-5 showed maximum
tolerance capability and the magnitude of reduction was
slow compare to that of other two genotypes whereas
BARI Gom 28 showed maximum susceptibility and the
magnitude of reduction was rapid compare to that of other
two genotypes in context of germination coefficient. Wheat
genotype ESWYT-6 moderately performed under different
saline levels. The result of the experiment revealed that, the
maximum germination coefficient (18.01) was recorded
from wheat genotype ESWYT-5 at 0 dSm! salt
concentrations followed by ESWYT-6 (V) (17.80) and the
minimum water retention capacity (11.48) was recorded
from BARI Gom 28 at 20 dSm™' salt concentrations. The
reduction of germination rate with the increasing of salt
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concentration occurred for salt sensitive cultivars which
caused reduction of coefficient of germination under salt
stress condition. Similar results were reported by
Akbarimoghaddamet al. [62], Dattaet al. [57], Mujeebet al.
[41], Rahmanet al. [70] and Singh et al. [71]. But when the
seed was primed with osmoticum (PEG), it reduced the
negative impact of salt stress and maintains a improve
performance of germination coefficient. Seed priming
resulted from anti-oxidant increment as glutathione and
ascorbate in the seed. These enzymes trigger germination
speed via reduction of lipid peroxidation activity; as a
result germination coefficient was higher in osmoprimed
salt tolerance genotypes compare to that of sensitive one.
Osmopriming of Italian ryegrass (Lolium multiflorum) and
sorghum (Sorghum bicolor) seeds with 20% PEGggoo for 2
d at 10°C enhanced germination coefficient of wheat
genotypes under water stress, water logging, cold stress
and saline conditions. [55,72]. It has been evident that
priming had resulted in more germination speed especially
in salt and drought stress, saline stress and low

temperatures in sorghum, sunflower, and melon
[39,73,74].
=20 - ——Wi
F T
= -V
15 :m V3
=
=
g 10 -
g
=
25
£
&
0

0 dSm-1 5 dSm-1 10 dSm-1 13 dSm-1 20 dSm-1
Different salt concentration

Figure 9. .Effect of different salt concentration on the germination
coefficient of primed wheat cultivars (LSD (o01y= 0.73, 0.62, 0.66, 0.62
and 0.78at 0, 5, 10, 15 and 20 dSm!, respectively) V| = ESWYT-5, V, =
ESWYT -6 and V; = BARI gom 28

3.10. Vigour Index

Vigour index of osmoprimed wheat genotypes
significantly varied by different level of salinity stress
conditions (Figure 10). The vigour index of primed wheat
genotypes was decreased in different extent with
increasing the salinity stress. Under different salinity levels
wheat genotype ESWYT-5 showed maximum tolerance
capability and the magnitude of reduction was slow
compare to that of other two genotypes whereas BARI
Gom 28 showed maximum susceptibility and the
magnitude of reduction was rapid compare to that of other
two genotypes in context of vigour index. Wheat genotype
ESWYT-6 moderately performed under different saline
levels. The results revealed that, the maximum vigour
index (264.70) was recorded from wheat genotype
ESWYT-5 at 0 dSm™ salt concentrations followed by
ESWYT-6 (V2) (232.40) and the minimum water retention

capacity (100.10) was recorded from BARI Gom 28 at 20
dSm! salt concentrations. As drought and/or salinity levels
increased, vigour reduced but the priming treatments
clearly improved the parameter under drought and salinity
conditions so these treatments can be used to improve seed
performance of sunflower under normal and stress [55].
Similar trends were reported by Moud and Maghsoudi [56],
Singh et al. [71], Karimet al. [75], Baqueet al. [33], Maitiet
al. [76] who reported that seed priming increases the
seedling vigor of several vegetable crops and concerning
sponge gourd, osmo-priming increased seedling vigor. The
advancement in germination and vigor of soybean plant
was probably due to the reserve mobilization of food
material, activation and re-synthesis of some enzymes,
DNA and RNA synthesis started during osmotic priming
[77]. There might be the possibility that similar
germination responsive genes may be activated because of
chitosan priming under osmotic stress. Osmopriming of
Italian ryegrass (Lolium multiflorum) and sorghum
(Sorghum bicolor) seeds with 20% PEGsgoo for 2 d at 10°C
increased the vigor index under water and salt stress
condition.
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Figure 10. Effect of different salt concentration on the vigour index of
primed wheat cultivars (LSD (o01y=17.37, 13.76, 17.18, 10.89 and 12.88
at 0, 5, 10, 15 and 20 dSm™, respectively) V, = ESWYT-5, V, = ESWYT
-6 and V; = BARI gom 28

4. Conclusions

Considering the above findings achieved from the
present study it may be concluded that osmopriming has a
positive significant effect on germination, seedling growth
and water relation behavior on wheat seed under salt stress
condition. Among 3 wheat genotypes ESWYT-5 wheat
genotypes was performed better in most of the germination,
seedling growth and water relation behaviors of wheat
followed by ESWYT-6; and BARI Gom 28 showed
consistently poor performance under salt stress condition.
The germination, seedling growth and water relation
behavior of wheat cultivars decreased with increasing of
salt concentrations but the decrease was gradually slow.
This might be due to the osmoprimed agent (PEG) which
triggers the germination, seedling growth and water
relation behavior of wheat genotypes though under salt
stress conditions. So, it can be concluded that priming
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helps to improve the germination, seedling growth and
water relation behaviors of wheat seed under salt stress
condition.
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